Pseudomonas aeruginosa was isolated from the ears of 18 of the 25 members of a team of competitive swimmers who complained of painful discharging ears. This group of swimmers trained twice daily in the pool, in the early morning and late afternoon. In contrast swabbing of the ears of a similar group of 54 competitive swimmers who used the pool only in the afternoon revealed only one swimmer with P. aeruginosa. Investigation of the swimming pool revealed that chlorination was often inadequate when the first group of swimmers were training in the early morning. Strains of P. aeruginosa were isolated from various sites around the pool and from the bag of a vacuum used to clean the pool.
INTRODUCTION
There is renewed interest in the association of infections in swimmers and the microbiological quality of swimming pool waters (Galbraith, 1980) . In particular the recent outbreaks of skin infection which have occurred in the United States as a result of the increasing popularity of heated whirlpool baths have highlighted the potential hazards of Pseudomonas aeruginosa in bath waters (McCausland & Cox, 1975; Jacobson, Hoadley & Farmer, 1976; Washburn, Jacobson & Narstib, 1976; Sausker et al. 1978) .
P. aeruginosa can be isolated from swimming pool waters, particularly if there is a high bather load, inadequate chlorination or increased water temperature (Brodsky & Nixon, 1974; Hoadley, Ajello & Masterson, 1975; Schindler, Metz & Hellwig, 1978; Kush & Hoadley, 1980) . Under certain conditions such strains can become resistant to chlorine treatment (Black et al. 1970; Seyfried & Fraser, 1980) . P. aeruginosa is frequently isolated from the ears of swimmers with otitis externa (Hoadley & Knight, 1975; Weingarten, 1977; Seyfried & Fraser, 1978) and has recently been implicated in outbreaks of otitis extenia in saturation divers in https://doi.org/10.1017/S0022172400069114 Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 20 Jan 2020 at 20:38:39, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. the North Sea (Alcock, 1977) . However there is still debate about the relative importance of local trauma, the degree of hydration of the ear canal and the presence of P. aeruginosa in the pathogenesis of otitis externa (Wright & Dineen, 1972; Wright & Alexander, 1974; Hoadley & Knight, 1975) .
This report describes an outbreak of otitis externa in a group of competitive swimmers and illustrates the use of serotyping, pyocin typing and phage typing techniques to attempt to define the epidemiology of the strains of P. aeruginosa isolated from the swimmers' ears and the environment of the swimming pool.
MATERIALS AND METHODS

The swimming pool
The swimming pool had a capacity of 135000 gallons with a water change of 45000 gallons per hour. Chlorination was performed by means of cylinder chlorine and filtration by air agitated sand. Water entering the pool was first heated then filtered and finally chlorinated. The pool was normally closed from midday on Saturday until 06.00 hours on Monday during which time there was no chlorination. Free chlorine levels and pH were routinely measured at the poolside and frequent water samples taken for estimation of free chlorine by the diethyl-pphenylene diamine method. Samples were taken for bacteriological testing every two months. During the investigation of the outbreak repeated water samples were taken from various sites throughout the day and were analysed.
Bacteriological examination of water samples was performed by the membrane filtration method (Report 1969). Any growth of non-coliform organisms was subcultured on to Pseudomonas agar (Oxoid) and milk agar (Brown & Scott Foster, 1970) for identification of P. aeruginosa.
The swimmers
The group of swimmers (Squad A) who had reported the 'ear problem' consisted of 25 members (ages 9-17). This squad trained in the pool twice daily for 2 hours in the early morning and evening five days a week. A similar squad of 54 swimmers (Squad B) also used the pool but only in the afternoon five days a week. Ear swabs were obtained from all members of both groups. These were plated on blood agar and MacConkey agar and enriched in Robertson's meat broth.
The environment
Swabs were taken from the surrounds of the pool, kayaks, foot baths, waste channelling, pumps, hoses, the vacuum and a mop used by the pool attendant. The pool was occasionally used for training offshore personnel in survival techniques. The inflatable rafts, pumps, anchors and life jackets used in the pool during these sessions were also examined for the presence of pseudomonads.
Typing of isolates
The strains of P. aeruginosa isolated from the swimmers and the environment were serotyped (Habs, 1957) and phage typed (Asheshov, 1974) at the Central Public Health Laboratory, Colindale. In addition pyocin typing (Govan, 1978) Specific enquiry at the time of the outbreak revealed that the pH of the water varied from 7*3 in mid afternoon to 7*6 early on Monday morning. Similarly peak levels for free chlorine were found in mid afternoon (1 •5-2*5 mg/1) while samples taken at 06.00 hours on a Monday morning had free chlorine levels of 0-2-0-4 mg/1. The temperature of the pool water varied from 79 to 83 °F. The bather load rarely exceeded 100 bathers per day.
None of the water samples from the pool showed any growth of E. colt at 37 °C or faecal coli at 44 °C. However specimens taken early on Monday morning when the free chlorine was low (0-2-0-4 mg/1) produced a heavy growth of non-coliform organisms on the membrane filter none of which proved to be P. aeruginosa.
Serotyping revealed eight different serological types but serotype 11 predominated (Table 1) . It was isolated from 23 of the 28 isolates from the swimmers' ears and from the vacuum bag. However, when pyocin typing was performed it was found that the isolates from the vacuum bag and 1 swimmer were 10/h in contrast to the majority of serotype 11 strains which were 1/h. In addition the latter group failed to show any S-type inhibition whereas the three 10/h strains inhibited indicator strains 3, 6 and 7.
Finally phage typing confirmed that the majority of ear isolates were similar and that the 10/h (3s, 6s, 7s) serotype 11 strains were distinct as they were lysed by three phages not active against the 1/h group namely 21, F7 and Col 18.
https://doi.org/10.1017/S0022172400069114 Analysis of the typing data indicates that this outbreak was caused by a single predominant strain of P. aeruginosa (Table 1 ). In addition the environmental sampling showed that a strain identical to that recovered from the ear of one swimmer was found in the vacuum bag. This strain appeared very similar to the epidemic strain but pyocin and phage typing demonstrated distinct differences. These findings simply underline the importance of using more than one typing method when investigating an outbreak.
Despite the relative frequency with which pseudomonad species other than P. aeruginosa can be isolated from the swimming pool waters they are rarely implicated in human infection (Von Graevenitz, 1973) . This would seem to support the view that the presence of P. aeruginosa in the ear canal is of critical importance in the pathogenesis of otitis externa in swimmers.
Furthermore certain serotypes of P. aeruginosa may be more pathogenic for man than others. It is of interest that serotype 11 which is often present in pool waters has been the dominant strain in this outbreak, the whirlpool associated infections , Kush & Hoadley, 1980 and in the outbreaks of otitis externa in divers (Alcock, 1977) . It seems likely that the infecting strain of P. aeruginosa was either derived from the skin surface of a swimmer or was carried by feet into the pool and its surrounds from the environment as would appear to be the case in the whirlpool outbreaks (Hoadley, 1978) . Having gained access to the pool the contaminating organism was able to survive and perhaps multiply due to the inadequate chlorination. The importance of not only maintaining adequate levels of free chlorine in pool waters but also ensuring that the surrounds and facilities are kept in a hygienic condition cannot be over emphasised.
